An NAD+ analog, A^-[(6-aminohexyl)carbamoylmethyl]-NAD + , was immobilized on bovine caseins by the action of transglutaminase. Binding of NAD+was not observed. It appears that NAD+ analog binds with asl-and^-caseins through formation of the y-glutamylamine bond between the amino groups attached to the hexyl chain in NAD+ analog and the glutaminyl residues in caseins. The NAD+analog immobilized on the caseins was enzymatically reducible by alcohol dehydrogenase; the numbers of coenzymatically active NAD+ analog molecules were 0.4, 0.2, 0.9, and 0.3 per mol of asl-, dephosphorylated asl-, acetylated asl-, and.^-caseins, respectively. The number of immobilized NAD+ analog molecules was always larger than that of the enzymatically reducible one, indicating that some of the immobilized NAD+was inactive. Michaelis constants of immobilized NAD+ analog in alcohol dehydrogenase reaction were similar to those offree forms of NAD+and NAD+analog. Maximumvelocities were reduced to 15~30% of the free NAD+ analog. Immobilized NAD+analog was much more stable at alkaline pH than free NAD+and its analog. The coenzymeà"casein conjugates were recovered almost completely in casein precipitated bycalcium.
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Transglutaminase
(Glutaminyl-peptide yglutamyl transferase: EC 2.3.2. 13) catalyzes an acyl-transfer reaction in which the y-carboxyamide groups of peptide-bound glutaminyl residues are the acyl doners.1* Primary amino groups in a variety of compoundsact as acyl acceptors with the subsequent formation of monosubstituted y-amides of peptide-bound fNH2 +R-NH2 > ?-NH"R +NH3 The reaction mixtures contained 70mMNa-PPi buffer, pH 8.7, 33mM ethanol, 70mM semicarbazide, the substances to be examined at the concentrations described in legends of figures and tables, and 0.01 unit/ml alcohol dehydrogenase. The reaction was followed spectrophotometrically at 25°C by measuring the absorbance increase at 340nm in a
Shimidzu double-beam UV-200 spectrophotometer.
The reaction rate was estimated from the absorbance increase during the initial period of the reaction. From the absorbance increase observed whenthe reaction went to completion, the reducible coenzyme in the sample was quantified by using a molar extinction coefficient of 6,230 at 340nm.
Precipitation of immobilized coenzyme analog with calcium. Weattempted the reuse of NAD(H)analogà"casein conjugates by using the calcium-dependent precipitation of caseins. NAD+analogà"casein conjugates were prepared as described above; concentrations of asl-casein and -casein in transglutaminase reactions were 2.4 mg/ml.
Enzymatically reducible NAD+analog immobilized on caseins was 0.3 (mol per mol of casein). To lml of solution containing NAD+ analog à" casein conjugates (1.7 mg/ml), 1 m calcium chloride was added to give a final concentration of 35 mM.After the mixture was incubated at 37°C for 15 min, it was centrifugated at 750xg for 1 min. The precipitate was solubilized in 1ml of 50mM EDTAand the amounts of protein and of enzymatically reducible NAD+analog in the solution were measured.
NAD+ analog immobilized on asl-and /^-caseins was reduced in the reaction mixture containing 70mMTris-HC1 buffer, pH 8.7, 33 mMethanol, 70mMsemicarbazide, 0.04 unit/ml alcohol dehydrogenase and NAD+ analogà"casein conjugate (0.6 mg/ml as casein), in a final volume of 3.0 ml. The mixture was incubated for 30 min at 25°C. After the reduction was confirmed to be complete according to the absorbance increase at 340nm, 1m calcium chloride was added to give a final concentration of 63mM. The mixture was incubated for 15 min at 37°C and then it was centrifuged at 750 x g for 1 min. The precipitate was dissolved in 1ml of 50mMEDTA. The amounts of protein and NADHanalog (from absorbancy at 340nm) The concentration of asl-casein in the transglutaminase reaction was 2.4 mg/ml and that after dialysis was 2.0 mg/ml. Absorption spectra were measured by using a cuvette with a 2 mmlight path and then converted to those with a 1cm light path. permit us to measure the amountof the immobilized NAD+analog. Thenwewantedto knowwhether or not the immobilized NAD+ analog was enzymatically reducible. asl-Casein subjected to the transglutaminase reaction was incubated with alcohol dehydrogenase and ethanol. As shown in Fig.  2 , an increase in absorbancy at 340nm was observed, indicating that NAD+ analog immobilized on asl-casein was reduced. The rate of reaction was estimated from the absorbance increase during the initial period of reaction.
The absorbance increase observed when the reaction went to completion was proportional to the amount of asl-casein added to the alcohol dehydrogenase reaction mixtures (inset in Fig. 2) . From the slope of the straight line in the inset, the amount of enzymatically active Transglutaminase reaction was carried out in the absence ( ) and the presence ( ) of EDTA. The concentration of asl-casein in the transglutaminase reaction was 2.4 mg/ml. The reduction of NAD+analog immobilized on asl-casein was followed spectrophotometrically by using alcohol dehydrogenase (see Materials and Methods). Concentrations (mg/ml) of asl-casein in alcohol dehydrogenase reaction mixtures were 0.53, 0.32, 0.16, and 0.27 in curves 1, 2, 3, and 4, respectively. The reaction was initiated by adding a small amount of alcohol dehydrogenase (0.01 unit/ml) so that we could estimate the reduction rate which was used for calculation of kinetic properties of the immobilized NAD+analog (Table II) . After incubation for an appropriate period (indicated by the lines with arrow heads), a large amount of alcohol dehydrogenase (0.04 unit/ml) was added to force the reaction to completion rapidly. Inset; the absorbance increase at 340nmobserved whenthe reaction went to completion was plotted against the amount of asl-casein added in the alcohol dehydrogenase reactions. of asl-casein in the transglutaminase reactions were 1.2 mg/ml (O) and 4.7 mg/ml (#). Other conditions were described in Materials and Mehtods. At intervals 1 ml of the reaction mixture was taken out and EDTAwas added to terminate the reaction. The mixture wasdialysed extensively against 10mM imidazole buffer, pH 6.0, containing 70mM KC1. Enzymatically active NAD+ analogà"asl-casein conjugate was measured as described in Fig. 2 (see Inset).
NAD+analog was calculated to be 0.3 mol per mol of asl-casein. No increase was detected when EDTAhad been present in the transglutaminase reaction. Figure 3 shows the absorption spectra of the immobilized and free NAD+ analog before and after incubation with alcohol dehydrogenase. Absorption spectra having an absorption maximum at around 340 nm, which is characteristic of the reduced form of the coenzyme, appeared after incubation. Thus the NAD+analog used here is bound to asl-casein covalently by the action of transglutaminase and the bound molecule is coenzymatically active. Figure 4 shows the time-course of NAD+ Modified asl-caseins and /?-casein, which is another calcium-dependent precipitable component of bovine caseins, were studied for effectiveness as substrates in the NAD+ analog immobilization. Table I shows the coenzymatically active NAD+analog immobilized of the caseins. asl-Casein contains 8 phosphoseryl residues, and dephosphorylation resulted in lowered effectiveness. The best substrate was asl-casein of which amino groups have been acetylated. /2-Casein was found to bind with NAD+analog but its effectiveness as substrate was no morethan that of asl-casein. The total moles of immobilized NAD+ana-log, which were determined by measuring the Properties of immobilized NAD+ analog Table II shows the kinetic parameters of the free forms of NAD+and NAD+analog and the immobilized NAD+analog in the alcohol dehydrogenase reaction. These data were estimated from Lineweaver-Burk plots. The apparent affinity of NAD+analog for alcohol dehydrogenase was not changed muchby the immobilization on caseins, while the maximum rate was reduced to 15-31% of that of free NAD+ analog. Figure 5 shows the effect of immobilization ofNAD+ analog on its stability.
When NAD+ analogà" asl-casein conjugate and free forms of NAD+and NAD+analog were incubated at pH 6 for 6hr at 37°C, no decrease in their coenzymatic activity was found. At pH 9, the immobilized NAD+analog was much more stable than the free forms of the coenzymes; in free forms of NAD+and NAD+analog 60% of their original activity was lost during incubation for 6hr, while only 30% of the coen- zyme activity of the immobilized NAD+ana-log was lost.
Precipitation of NAD(H)analogà" casein conjugates by calcium
Bovine asl-and /^-caseins are precipitable by calcium. As described in Materials and Methods, calcium chloride was added to the casein solution which had been subjected to the transglutaminase reaction and then to extensive dialysis. After the resulting precipitate was solubilized with EDTA, the enzymatically reducible NAD+analog in the solution was measured by using alcohol dehydrogenase. It was found that NAD+ analog immobilized on asl-casein and /?-casein was almost completely recovered in the fraction solubilized with EDTA. Furthermore the calcium-dependent precipitation of the reduced form of the immobilized coenzyme was examined/ After NAD+ analog immobilized on asl-and /^-caseins was reduced with alcohol dehydrogenase, calcium 1 ) and its coenzymatic function in the alcohol dehydrogenase reaction (Fig. 2) . Conclusive evidence of the covalent binding was offered by quantitative recovery of the NAD+ analogà"casein conjugates in casein precipitated by calcium. immobilized analog might vary depending on the enzyme used for the reaction. The more dilute the asl-casein in the transglutaminase reaction, the more immobilization of NAD+ analog on casein there was (Fig. 4) . The frequency of formation of intraor inter-molecular crosslinks would decrease in a dilute casein concentration and thereby increase the rate of binding of NAD+analog. Similarly, acetylation of amino groups of casein is expected to stimulate binding ofNAD+ analog, because there would be less chance for formation of crosslinks within and between the casein molecules. However, the total NAD+ analog (including enzymatically inactive analog) immobilized on acetylated asl-casein is similar to that on native asl-casein (1.7 mol per native asl-casein and 1.5 mol per acetylated aslcasein). Therefore at most two of the 14 glutaminyl residues present in one mol of asl-casein appear to function as substrates of transglutaminase. It is not clear whether the availability of a glutaminyl residue as substrate depends on the sequence of neighbouring amino acids or on the conformation of the peptide containing this residue. In this context, it would be of interest to analyse the sequence containing glutaminyl residues with which NAD+analog is bound.
Immobilized NAD+analog and its reduced form were recovered repeatedly in casein precipitated by calcium. The stability of NAD+ analog at alkaline pHs was increased by immobilization; it seems worthwhile to mention that oxidation of substrates by dehydrogenases requiring NAD+ usually proceeds rapidly at alkaline pH. Such a convertible type of stable coenzymemayhave practical advantages.
